Background: The prevalence of thyroid autoimmunity and subclinical primary hypothyroidism in persons with chronic kidney disease (CKD) not requiring chronic dialysis is not well defined. Methods: We studied 1000 consecutive adult outpatients who were referred by their general practitioner for blood testing over the last 2 years. We excluded those with abnormal serum free thyroxine (FT4) levels (ns85). No participants required chronic renal replacement therapy. Thyroid autoimmunity was defined as increased concentrations of serum anti-thyroid antibodies. Subclinical primary hypothyroidism was defined as a serum thyrotropin (TSH) concentration
Introduction
There is extensive linkage between the kidneys and thyroid function in the embryonic stage. This linkage becomes more evident in clinically overt hyperthyroidism and hypothyroidism. These conditions lead to hemodynamic and vascular changes in the kidney, as well as to changes in the structure and function of the tubules and glomerulus (1) . An increased prevalence of goiter and thyroid gland volume has been reported in patients with chronic kidney disease (CKD) (2, 3) . It has been suggested that clinically overt hypothyroidism may be more common in patients with CKD compared with the general population (1) .
Interestingly, CKD was found to be associated with a greater prevalence of clinical and subclinical primary hypothyroidism among participants of the Third National Health and Nutrition Examination Survey (4) . Recently, we extended these findings in a large non-US cohort of outpatients by showing that the prevalence of subclinical hypothyroidism increases as estimated glomerular filtration rate (eGFR) decreases (5) . These findings may have important clinical implications because subclinical primary hypothyroidism, independent of its specific etiology, is associated with an increased risk of cardiovascular events (6) (7) (8) .
At present, there is no information about the prevalence of subclinical primary hypothyroidism caused by chronic autoimmune thyroiditis, the most common cause of primary hypothyroidism (9) , in persons with CKD who do not require maintenance dialysis.
The purpose of this study was to investigate the prevalence of thyroid autoimmunity and subclinical primary hypothyroidism at different levels of kidney function in a large sample of unselected adult outpatients.
Materials and methods
A cross-sectional analysis of the database of the Laboratory Information System of the Clinical Chemistry Laboratory at the Verona University Hospital was performed. We retrieved serum creatinine and thyroid function test results from all adult outpatients, 18 years of age or older (ns1000), who were consecutively referred for testing by general practitioners over the last 2 years (from April 2007 to April 2009). If a subject had more than one blood test ordered over the 2 years, only the first result was included in the analysis. For this study, participants who had abnormal serum free thyroxine (FT4) concentrations (ns85) were excluded. No participants required chronic renal replacement therapy. Thus, the final sample used in this study included 915 outpatient adults. The local Ethics Committee approved the study protocol.
Venous blood was collected from all participants in the morning following an overnight fast. Serum glucose and lipids were measured using enzymatic procedures with a Roche/Hitachi Modular System P (Roche Diagnostics GmbH, Milan, Italy), according to the manufacturer's specifications and employing proprietary reagents. Low-density lipoprotein (LDL)-cholesterol was calculated with the Friedewald formula. Serum creatinine was measured using a Roche/Hitachi Modular System P with a Jaffè rate blanked and compensated assay. The calibrators for the Roche method were traceable to an isotope dilution mass spectrometric method for serum creatinine using standard reference methods. Serum thyrotropin (TSH) concentrations were measured with a third generation immunometric assay (functional sensitivity of 0.01-0.02 mIU/L with an inter-assay imprecision of ;20%) using the IMMULITE-2000 analyzer (Diagnostic Products Corporation, Los Angeles, CA, USA). Serum concentrations of FT4 (by a solid-phase, chemiluminescent, competitive analog immunoassay with a total imprecision of -9.0%), anti-thyroglobulin (anti-TG) and anti-thyroperoxidase (anti-TPO) antibodies (total imprecision of -5.6% and eGFR was estimated using the abbreviated modification of diet in renal disease (MDRD) equation (10) 
Statistical analysis
Results are expressed as means"SD or proportions. Participants were stratified into three categories based on the eGFR (i.e., -60, 60-89 and G90 mL/min/1.73 m 2 ). In these analyses, we combined subjects with eGFR -45 mL/min/ 1.73 m 2 and those with eGFR 45-60 mL/min/1.73 m 2 into a single eGFR category due to the low number of individuals with eGFR -45 mL/min/1.73 m 2 (ns16). Skewed variables (triglycerides, TSH, anti-TG and anti-TPO) were logarithmically transformed to achieve normality prior to analysis. Statistical analyses included the one-way analysis of variance (for continuous variables) and the x
Results
After excluding subjects (ns85) with abnormal serum FT4 concentrations wi.e., those with FT4 below 10 pmol/L (ns18) or above 24 pmol/L (ns67)x, cumulative results for main demographic variables, serum creatinine and thyroid function tests were retrieved for 915 adult outpatients with a mean age of 48.9"15 years. There were 602 women and 313 men. The mean eGFR was 89. Most participants (ns729, 79.7%) had serum TSH concentrations ranging from 0.35 mIU/L to 4.0 mIU/L. 10.7% (ns98) had subclinical biochemical hypothyroidism (i.e., TSH )4.0 mIU/L), and 9.6% (ns88) had subclinical biochemical hyperthyroidism (i.e., TSH -0.35 mIU/L). An increased anti-TPO antibody concentration was present in 172 (18.8%) subjects, whereas an increased anti-TG antibody concentration was present in 125 (13.7%).
Most participants (ns862, 94.2%) had an eGFR Table 1 . Participants with lower eGFR were older, more likely to be female and had significantly higher serum concentrations of TSH and anti-thyroid antibodies compared with those showing normal or near-normal kidney function. The prevalence of participants with serum TSH concentrations )4.0 mUI/L or with increased titers of serum anti-thyroid antibodies steadily increased among persons with progressively lower eGFR values (ranging from 7.7% to 26.4% for TSH, from 15.4% to 28.3% for anti-TPO antibody, and from 10.2% to 26.4% for anti-TG antibody). The prevalence of increased anti-TPO and/or anti-TG antibodies ranged from 18.7% to 34.0% across eGFR categories (Table 1) . Serum triglycerides tended to be higher, and high density lipoprotein (HDL)-cholesterol tended to be lower among persons with progressively lower eGFR values, but these did not reach statistical significance. Serum concentrations of FT4 and fasting glucose were not significantly different among eGFR categories. Notably, as also shown in Table 1 , the significant differences in TSH and anti-thyroid antibodies, observed across eGFR categories, remained unchanged even after adjusting for age and gender. Additional adjustment for fasting plasma glucose and lipid parameters did not materially alter the results (data not shown).
Conversely, compared with participants without hypothyroidism (ns817), those with subclinical hypo- ; p-0.0001). As shown in Figure 1 , they also had a greater age-adjusted prevalence of individuals with CKD (i.e., eGFR -60 mL/min/1.73 m 2 ). Moreover, as expected, there was a much higher proportion of individuals with increased serum anti-TPO (43.9% vs. 15.8%, p-0.0001) or anti-TG antibodies (33.7% vs. 11.3%, p-0.0001) in the hypothyroid subgroup. Similarly, compared with participants with no thyroid autoimmunity (ns702), those with increased levels of anti-TPO and/or anti-TG (ns213) had a greater ageadjusted prevalence of individuals with CKD ( Figure  1) . Figure 2 shows the joint effects of TSH and thyroid autoimmunity on age-, and gender-adjusted values of eGFR. In this analysis, we found that a serum TSH )4.0 mUI/L and increased titers of anti-thyroid antibodies exerted an additive effect on mean eGFR values (Figure 2) . However, decreasing eGFR values appeared to be more strongly related with the increase in TSH, rather than with thyroid autoimmunity (p-0.001 for TSH, ps0.12 for thyroid autoimmunity, and ps0.62 for the interaction term). Essentially identical results were found when eGFR was included as categorical measure (eGFR F60 vs. )60 mL/min/ 1.73 m 2 ) (data not shown).
Discussion
From a clinical practice viewpoint, it should be mentioned that clinically overt thyroid dysfunction, especially overt hypothyroidism, is accompanied by significant changes in renal blood flow, glomerular and tubular function, and electrolyte and water homeostasis. Conversely, a marked decline in kidney function is accompanied by changes in the synthesis, secretion, metabolism, and elimination of thyroid hormones (1, 2) .
To our knowledge, at present there is no information available regarding the epidemiology of thyroid autoimmunity in individuals, including large non-US cohort with different levels of eGFR.
Lo et al. (4) recently reported that the prevalence of subclinical and clinical hypothyroidism in US adults was ;24% among persons with an eGFR -60 mL/min/1.73 m 2 . Their study differed from ours in that their multi-ethnic US cohort had a greater prevalence of males, only 56% of hypothyroid cases were considered subclinical, and serum FT4 concentrations were not measured. Moreover, no information was available on the prevalence of thyroid autoimmunity in those with CKD.
In a recent study (5), we demonstrated in a large sample of unselected outpatients who presented to our laboratory between December 2005 and December 2007, the prevalence of subclinical primary hypothyroidism was ;20% among persons with CKD. However, since no information was available on serum anti-thyroid antibodies in this study (5), we were unable to investigate the prevalence of thyroid autoimmunity and the effects of increased TSH concentrations and thyroid autoimmunity on eGFR values.
The major finding of our study is that there is a high frequency of thyroid autoimmunity (34%) and subclinical primary hypothyroidism (26.4%) in persons with an eGFR -60 mL/min/1.73 m 2 . Notably, this finding was observed in a cohort of adult outpatients, and did not include subjects with abnormal serum FT4 concentrations or with CKD requiring chronic dialysis. The evaluation of subjects with such complications would almost certainly have confounded interpretation of the data. For example, it is known that in patients with renal failure it is not unusual to observe the low triiodothyronine (T3) syndrome; a common condition characterized by alterations in thyroid function likely due to non-thyroidal illness causes (11) . In patients with renal failure, low serum free T3 concentrations are independently associated with increased risk of all-cause mortality (12, 13) . Finally, as expected (10, 14) , we also found that participants with lower eGFR were significantly older than those with normal or near-normal kidney function. Moreover, they also tended to have higher triglycerides and lower HDLcholesterol concentrations. However, fasting glucose and LDL-cholesterol concentrations did not differ significantly among eGFR categories. We believe that the lack of information on the use of lipid-lowering drugs did not allow us to observe a stronger statistical association between atherogenic dyslipidemia (i.e., high triglycerides and low HDL-cholesterol) and decreased kidney function. It is known that CKD patients have a greater prevalence of atherogenic dyslipidemia than those without CKD (14, 15) .
Our study has several important limitations that merit comment. First, the cross-sectional design of the study precludes the establishment of causal or temporal relationships between thyroid autoimmunity, subclinical hypothyroidism and kidney disease. In particular, although our results were adjusted for age, it is known that the prevalence of CKD, thyroid autoimmunity and TSH concentrations increase markedly with age (14, 16) . Thus, future prospective studies are needed to clarify these issues. Second, since our analysis depended on the use of automated databases to establish the presence of subclinical primary hypothyroidism and kidney disease, it may have led to some misclassification. In particular, we did not have any information on the causes of kidney disease, coexisting medical conditions and current use of medications, including thyroid replacement therapy or anti-thyroid drugs. In addition, although we evaluated the most common cause of subclinical primary hypothyroidism (i.e., chronic autoimmune thyroiditis, typically characterized by increased levels of anti-thyroid antibodies), no information was available on other less common causes of transient or permanent primary hypothyroidism, such as drug-induced hypothyroidism, subacute thyroiditis, radiation thyroiditis, or post-partum thyroiditis (9) . However, we believe that the lack of these data does not detract from the novel and interesting finding of the high prevalence of thyroid autoimmunity among persons with reduced eGFR. Third, thyroid function tests could be requested when there was a clinical suspicion of altered thyroid function, thus tending to inflate the magnitude of the relationship. However, we excluded all patients with low or high serum FT4 levels, who are likely to have clinical symptoms of hypothyroidism or hyperthyroidism, respectively. Finally, we used an eGFR instead of a directly measured GFR to define CKD. It is known that current GFR equations have limited precision and systematically underestimate measured GFR at higher values (i.e., in populations without known CKD). However, current GFR equations facilitate the detection, evaluation, and management of CKD, and many organizations recommend the use of equations that estimate GFR for the evaluation of kidney function in large epidemiological studies and in clinical practice (10) .
Despite these limitations, this analysis has several important strengths. First, as reported above, we excluded patients who required chronic dialysis and those who had overt thyroid dysfunction. Second, our clinical laboratory used uniform methods to collect data on thyroid function test results. Third, the availability of complete data on important risk factors, including age, gender, plasma glucose and the lipid profile, allowed us to provide an unbiased estimate for the relationship between subclinical hypothyroidism, thyroid autoimmunity and kidney disease. Finally, we evaluated a large sample, and found a strong, graded, relationship between eGFR and thyroid function tests, even within the reference intervals.
In conclusion, our findings suggest that there is a high prevalence of thyroid autoimmunity and subclinical primary hypothyroidism in a large non-US outpatient cohort of persons with CKD not requiring chronic dialysis. Further experimental and prospective studies are needed to confirm these findings and to elucidate the underlying biologic mechanisms before causality can be firmly established.
